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© Optical molding method. 

© An optical molding method including the step of 
radiating a light flux onto a photocurable fluid sub- 
stance while moving the light flux in such a manner 
as to draw a section of a target object so as to cure 
the irradiated portion, characterized in that a plurality 
of light fluxes having different diameters are used in 
such a manner that only a light flux having a large 



diameter, or both a light flux having a large diameter 
and a light flux having a small diameter are used for 
a section having a thickness larger than the diameter 
of the light flux having a large diameter, while only a 
light flux having a small diameter is used for a 
section having a thickness smaller than the diameter 
of the light flux having a large diameter. 
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FIE *-P OF THE INVENTION AND RELATED ART 
STATEMENT " 

The present invention relates to an optical 
molding method for producing a cured of a desired 5 
configuration having a thick section and, more par- 
ticularly, to an optical molding method which en- 
nances the molding speed and accuracy of a cured 
body having a thick section. 

Optical molding methods for optically produc- w 
mg a target object by repeating the process of 
radiating a light flux on a photocurable fluid sub- 
stance such as a photocurable resin so as to cure 
the irradiated portion and extend the cured portion 
continuously in the horizontal direction, supplying a 75 
photocurable fluid substance on the upper side of 
the cured portion and radiating a light flux on the 
resin so as to also extend the cured portion con- 
tinuously in the vertical direction are known as 
disclosed in, for example, Japanese Patent Laid- 20 
Open Nos. 247515/1985, 35966/1987 and 
10140/1987. 

An optical molding method for producing a 
target object by repeating the process of radiating 
light through a molding mask having slits which 25 
corresponds to a section of a target object so as to 
cure the irradiated portion, supplying an uncured 
photocurable fluid substance on the upper side of 
the cured portion, replacing the molding mask for a 
mask provided with slits and having a configuration 30 
which corresponds to a section vertically adjacent 
to the section already cured, and radiating light 
again is also known (e.g., Japanese Application 
Laid-Open No. 35966/1987). 

A scanning method of reciprocating a light flux 35 
in the horizontal direction continuously and densely 
m order to form a cured object having a thick 
section is known (shown in Fig. 2 in Japanese 
Application Laid-Open No. 35966/1987). 

When a cured object having a thick section is <o 
formed by the scanning of a light flux, since the 
area of a light flux scanning range is large, a long 
molding time is required. Although the molding 
time is shortened by increasing the scanning 
speed, since the speedup of the scanning speed is <s 
attended with a rapid stop of radiation of a light flux 
and a change in the direction of radiation, there is a 
large possibility of the surface accuracy being 
lowered, especially, in the case of producing a 
cured object having a complicated configuration. so 
On the other hand, if a multiplicity of light fluxes 
having a small diameter are gathered and emitted 
it is possible to cure a large region at one scanning 
operation. In this case, however, a multiplicity of 
light sources for the light fluxes having a small 55 
diameter are required, resulting in the rise in the 
equipment cost. 

A method of producing an object having a thick 



section by reciprocating a light flux in the horizontal 
direction continuously and densely has the same 
problems. In addition, this method is disadvanta- 
geous in that the light flux scanning mechanism is 
complicated and the control thereof is difficult 

A method using a mask must use a multiplicity 
of masks and takes a long time for producing 
masks. 



OBJECT AND SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to eliminate the above-described problems 
in the prior art and to provide an optical molding 
apparatus which is capable of producing even a 
large object easily and in a short time and finishing 
the surface of the object finely and at high accu- 
racy. 

It is another object of the present invention to 
provide an optical molding apparatus which is ca- 
pable of reducing the cost of the apparatus and the 
cost of expendable supplies so as to produce an 
object with efficiency in accordance with the re- 
quired accuracy. 

To achieve this aim. the present invention pro- 
vides an optical molding method including the step 
of forming a cured layer of a photocurable fluid 
substance which corresponds to a section of a 
cured object having a desired configuration by the 
scanning operation of a light flux, characterized in 
that a plurality of light fluxes having different diam- 
eters are used in such a manner that only a light 
flux having a large diameter, or both a light flux 
having a large diameter and a light flux having a 
small diameter are used for a section having a 
thickness larger than the diameter of the light flux 
having a large diameter, while only a light flux 
having a small diameter is used for a section 
having a thickness smaller than the diameter of the 
light flux having a large diameter. 

In the present invention, a target object is pro- 
duced by radiating a light flux, for example, in the 
following manners: 

(a) When any given section of a target object is 
a thick section, only a light flux having a larger 
diameter is irradiated to cure the entire part of 
the section. 

(b) When any given section has a complicated 
configuration, a light flux having a large diameter 
is first radiated so as to schematically cure the 
main part, and thereafter the detailed parts and 
the surface portion of the target object are cured 
by radiating a fight flux having a small diameter. 

(c) In the method (b), the detailed portions and 
the surface portion of a target object are first 
cured by the radiation of a light flux having a 
small diameter, and thereafter a light flux having 
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a large diameter is radiated. 

(d) A light flux having a small diameter and a 
light flux having a large diameter are radiated at 
the same time so as to simultaneously cure the 
detailed portions, the surface portion and the 
main part. 

(e) A photocurable fluid substance is cured by 
alternately radiating a light flux having a small 
diameter and a light flux having a large diam- 
eter. 

It is also possible to use three or more light 
fluxes having different diameters. For example, 
three kinds of light fluxes having small, medium 
and large diameters may be used so as to radiate 
the regions corresponding to the respective diam- 
eters. 

The above and other objects, features and advan- 
tages of the present invention will become clear 
from the following description of the preferred em- 
bodiments thereof, taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1, 2 and 3 are explanatory plan views of 

the scanning operation of a light flux; 

Figs. 4, 5, 6 and 7 are explanatory sectional 

views of the scanning operation of a light flux; 

Fig. 8 is a perspective view of the main part of 

an optical molding apparatus; 

Fig. 9 is a vertical sectional view of an optical 

molding apparatus; and 

Fig. 10 is an explanatory sectional view of the 
scanning operation of a light flux. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of an optical molding 
method according to the present invention will be 
explained with reference to the accompanying 
drawings. 

In Fig. 9, a photocurable resin 12 is accom- 
modated in a container 1 1 . On the bottom surface 
of the container 1 1 , an aperture 1 3 made of a light 
transmitting plate such as a silica glass plate is 
provided. An optical system (light radiation device) 
is provided which is composed of a light emitting 
portion 15 with a built-in lens for radiating a light 
flux 14 onto the aperture 13, an optical fiber 16, an 
X-Y table 17 for moving the light emitting portion 
15 in the X-Y direction in the horizontal plane, 
wherein X and Y are two directions orthogonal to 
each other, and a light source 20. 

A base 21 is disposed in the container 11 so 
as to be lifted by an elevator 22. The X-Y table 17 
and the elevator 22 are controlled by a computer 
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23. 

Fig. 8 is a perspective view of the structure of 
the light emitting portion, the X-Y table 17, etc. in 
the case of preparing light fluxes having large and 

5 small diameters. The reference numeral 25X repre- 
sents a rail in the direction of the X-axis and 25Y a 
rail in the direction of the Y-axis. Sliders 26 and 27 
are movably guided by the rails 25X and 25Y, 
respectively. The sliders 26 and 27 are moved by 

70 servomotors 28 and 29, respectively. Guide shafts 
30 and 31 are attached to the sliders 26 and 27, 
respectively. A head base 32 is movably supported 
by the guide shafts 30 and 31 . When the sliders 26 
and 27 are advanced or withdrawn, the head base 

75 31 is moved in the X-Y direction in correspondence 
with the movement of the sliders 26 and 27. 

Light emitting heads 33 and 34 are attached to 
the head base 32. The light emitting head 33 emits 
a light flux 35 having a small diameter and is 

20 connected to a low power laser power source 37 
(e.g., an He-Cd laser device) through an optical 
fiber 36 (e.g., a quarts fiber). The light emitting 
head 34 emits a light flux 38 having a large diam- 
eter and is connected6 to a high power laser power 

25 source 40 (e.g.. an Ar laser or a condensing type 
mercury lamp) through an optical fiber 39. 

When a cured object is produced by the 
above-described apparatus, the base 21 is first 
located slightly above the aperture 13 and the light 

30 flux 35 or 38 scans a horizontal section of the 
target object. The scanning operation is carried out 
by moving the X-Y table 17 controlled by the 
computer. 

After the entire surface of that horizontal sec- 
35 tion (the portion corresponding to the bottom sur- 
face, in this case) of the target object has been 
irradiated with light, the base 21 is lowered at a 
predetermined pitch and an uncured photocurable 
resin is poured between the cbred object 24 and 
40 the base 21 , and light is radiated in the same way 
as above. By repeating this process, the cured 
object having the intended configuration is ob- 
tained. 

Preferred examples of a method of radiating 
45 the light flux 35 having a small diameter and the 
fight flux 38 having a large diameter will now be 
explained with reference to Figs. 1 to 7. 

In the method shown in Fig. 1, the cured por- 
tion A which constitutes the main part of the cured 
so layer 24 is first formed by the scanning operation 
of the light flux 38 having a large diameter, and the 
cured portions B which constitutes the surface por- 
tions on both sides of the upper side and the under 
side of the cured portion A are next formed by the 
55 scanning operation of the light flux 35 having a 
small diameter. Fig. 4 is a sectional view of the 
cured portions shown in Fig. 1 , taken along the line 
IV - IV, which shows the state in which the thus- 

3 
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formed cured layers 24 are laminated. 

It is also possible in the method shown in Fig. 
1 to first form the cured portions B by the scanning 
operation of the light flux 35 having a small diam- 
eter, and then form the cured portion A by the 
scanning operation of the light flux 38 having a 
large diameter. 

A method shown in Fig. 2 is a method of 
forming the cured layer 24 by providing the cured 
portions A in parallel to each other by a plurality of 
(two. in this example) scanning operations of the 
light flux 38 having a large diameter. Fig. 5 is a 
sectional view of the cured portions shown in Fig. 
2, taken aiong the line V - V, which shows the state 
in which the thus-formed cured layers 24 are lami- 
nated. 

A method shown in Fig. 3 is a method of 
forming the main cured portion A by the scanning 
operation of the light flux 38 having a large diam- 
eter, then forming the ornamental cured portions B 
on the surface by the scanning operation of the 
light flux 35 having a small diameter, and attaching 
the cured portions B to the cured portion A. In this 
case, it is also possible to form the cured portions 
B first and then form the cured portion A. 

If there is a thin portion C in the middle of the 
cured portion A, the cured portion C is first formed 
by the scanning operation of the light flux 35 hav- 
ing a small diameter. 

In a method shown in Fig. 6. a cured layer 1 is 
first formed by the scanning operation of the light 
flux 35 having a small diameter, and the base 21 is 
then lifted sequentially be the distance correspond- 
ing to the thickness of the cured layer 1. Cured 
layers 2, 3 and 4 are sequentially formed by the 
scanning operation of the light flux 35 having a 
small diameter. The cured layer 24 is formed by 
forming the cured portions on both side surfaces 
and then forming the cured portion A by the radi- 
ation of the light flux 38 having a large diameter. 
The number of cured layers 1 to 4 is not restricted 
to four as shown in Fig. 6, but it may be any 
number if it is not less than two. 

In a method shown in Fig. 7, the cured layers 1 
to 5 are laminated in the same process such as 
that shown in Fig. 6 so as to form the cured 
portions B. The cured portion A is next formed by 
radiation the light flux 38 having a large diameter 
onto the portion sandwiched by the portions B. In 
this case, the laminate of the cured layers 24 
constitutes an inclined surface or a curved surface 
with respect to the direction of lamination (vertical 
direction in Fig. 7). That is, the cured layers 1 to 5 
are laminated at the respective positions slightly 
deviated from the precedent cured layers. A region 
U which is not irradiated with the light flux 38 
having a large diameter exists between the portions 
A and B. 
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The un-irradiated portion is cured by radiating 
light from another light source (e.g., a mercury 
lamp) on the entire surface of the target object 
(after-treatment) after the outline of the target ob- 
s ject is formed. If the region U is very small, such 
an after-treatment is dispensed with. 

A method shown in Fig. 10 is a method of 
forming a wide cured portion by a plurality of 
scanning operations of the light flux 35 having a 

10 small diameter in order to reduce the area of the 
un-irradiated region U shown in Hg. 7. By reducing 
the area or the un-irradiated region U, the after- 
treatment is dispensed with. 

In the present invention, a light flux having a 

75 diameter of about 2 to 10 mm is preferable as the 
light flux having a large diameter. As the light flux 
having a small diameter, a light flux having a diam- 
eter of about 0.1 to 1 mm is preferable. As the light 
source for the light flux having a large diameter, an 

20 Ar laser or an inexpensive condensing type mer- 
cury lamp having an output of 100 to 5000 mW is 
preferable. As the light source for the light flux 
having a small diameter, an He-Cd laser having an 
output of 10 to 40 mW is preferable. An Ar laser 

25 having a low power is naturally usable. 

The scanning operations of the light fluxes 
having a small diameter and a large diameter are 
preferably carried out by the operation of the X-Y 
table, but a mirror scan system (system for carry- 
30 ing out light flux scanning by the rotation of a 
mirror) may be adopted instead. However, if the 
target object is a large-sized one having a thick- 
ness of not less than 1 m, the X-Y table, which has 
good light flux scanning accuracy, is preferable. 

35 In the above-described embodiments, the ap- 

erture 13 is provided on the bottom surface of the 
container 11 and light is radiated from below the 
container 11. Alternatively, the light emitting portion 
15 may be disposed above the container 11 and 

40 the light flux may be radiated onto the liquid sur- 
face. In addition, the aperture 13 may be provided 
on a side surface of the container 11 and light is 
radiated from the side surface of the container 11. 
In this case, the base 21 is gradually moved side- 

45 waysjn the production process. 

In the present invention, various resins which 
are cured by light irradiation are usable. For exam- 
ple, modified polyurethane methacryiate, origo-es- 
ter acrylate, urethane acrylate, epoxy acrylate, pho- 

50 tosensitive polyimide and aminoalkyd will be cited. 

As the light, various kinds of lights such as 
visible light and ultraviolet light may be used in 
accordance with the photocurable resin used. The 
light may be used in the form of ordinary fight, but 

55 if it is used as a laser beam, it is possible to 
enhance the energy level, shorten the molding time 
and enhance the molding accuracy by utilizing the 
good condensing property. 

4 
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As described above, according to the method 
of the present invention, a plurality of light fluxes 
having large and small diameters are used, and 
even a large target object is produced in a short 
time. In addition, it is possible to finish the surface 
finely and at high accuracy by using a light flux 
having a small diameter. 

According to the present invention, it is possi- 
ble to use an inexpensive mercury light as a light 
source, which leads to reduction in the equipment 
cost and the cost of expendable supplies. There- 
fore, it is possible to produce an object with effi- 
ciency in accordance with the required accuracy. 

According to the present invention, a light flux 
having a large diameter is sued for the scanning 
operation, the required number of data supplied for 
the scanning device is very small, so that the time 
and labor for the preparation of molding are greatly 
saved. 

While there has been described what are at 
present considered to be preferred embodiments 
of the invention, it will be understood that various 
modifications may be made thereto, and it is in- 
tended that the appended claims cover all such 
modifications as fall within the true spirit and scope 
of the invention. 



Claims 

1 . An optical molding method comprising the steps 
of: 

forming a cured object on or beneath a base which 
is movably provided in a container by radiating 
light onto a photocurable fluid substance accom- 
modated in said container while moving said light 
in such a manner as to draw a section of a target 
object and curing the irradiated portion; and 
laminating cured layers in series by repeating the 
process of moving said base at a predetermined 
pitch, coating said cured object with a photocurable 
fluid substance and radiating light; 
wherein said light flux is composed of a plurality of 
light fluxes having different diameters used in such 
a manner that only a light flux having a large 
diameter, or both a light flux having a large diam- 
eter and a light flux having a small diameter are 
irradiated for curing a section having a thickness 
larger than the diameter of said light flux having a 
large diameter, while only a light flux having a 
small diameter is radiated for curing a section 
having a thickness smaller than the diameter of 
said light flux having a large diameter. 

2. A method according to Claim 1, wherein after 
said light flux having a large diameter is radiated 
so as to schematically cure said photocurable fluid 
substance at the main part of said target object, 
said light flux having a small diameter is radiated 



so as to cure a photocurable fluid substance at the 
detailed portions and the surface portions of said 
target object. 

3. A method according to Claim 1, wherein after 
5 said light flux having a small diameter is radiated 

so as to cure a photocurable fluid substance at the 
detailed portions and the surface portions of said 
target object, said light flux having a large diameter 
is radiated so as to schematically cure said 
10 photocurable fluid substance at the main part of 
said target object. 

4. A method according to Claim 1, wherein said 
light flux having a small diameter and said light flux 
having a large diameter are radiated at the same 

75 time so as to simultaneously cure a photocurable 
fluid substance at the detailed portions and the 
surface portion of said target object and a 
photocurable fluid substance at the main part of 
said target object. 

20 5. A method according to Claim 1, wherein said 
light flux having a small diameter and said light flux 
having a larger diameter are alternately radiated so 
as to cure said photocurable fluid substance. 

6. A method according to Claim 1, wherein said 
25 light flux having a large diameter has a diameter of 

2 to 10 mm. 

7. A method according to Claim 1, wherein said 
light flux having a small diameter has a diameter of 
0.1 to 1 mm. 

30 8. A method according to Claim 6, wherein a light 
source for said light flux having a large diameter is 
either of an Ar laser and a condensing type mer- 
cury lamp having an output of 100 to 5000 mW. 

9. A method according to Claim 7, wherein a light 
35 source for said light flux having a small diameter is 

either of an He-Cd laser and an Ar laser having an 
output of 10 to 40 mW. 

10. A method according to Claim 1, wherein the 
scanning of said light flux havfng a small diameter 

40 and said light flux having a large diameter is car- 
ried out by the operation of an X-Y table. 

11. A method according to Claim 1, wherein said 
photocurable fluid substance is one selected from 
the group consisting of modified polyurethane 

45 methacrylate, origo-ester acrylate, urethane ac- 
rylate, epoxy acrylate, photosensitive polyimide 
and aminoalkyd. 

12. A method according to Claim 1. wherein two 
kinds of light fluxes, namely, a light flux having a 

sa large diameter and a light flux having a small 
diameter are used as said light flux. 

13. A method according to Claim 1, wherein three 
kinds of light fluxes, namely, a light flux having a 
large diameter, a light flux having a medium diam- 

55 eter and are light flux having a small diameter are 
used as said light flux. 
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